As man continues to encroach on the natural habitat of the arboreal (birds and other wildlife), problems like aircraft-bird strikes continues to aggravate as air traffic volume increases. This study focused on the Aminu Kano International Airport in Nigeria due to importance of its geographical location and the air traffic flow. The analysis result reveals that 12 bird species were involved in 44 strikes at the airport between the year 2001-2010 and mostly during the rainy seasons. The airport during the same period recorded 55,205 aircraft movement that carried 3,551,587 passengers. Distribution of these strikes by phase indicates that 32% occurred on approach, 25% on landing roll, 20% on takeoff, 4.5% on descend, 4.5% during climb while 14% at other phases. Using the International Bird Strike Committee strike rate (per 10,000 flights), the computed strike rate for this airport is 7.97 per 10,000 flights. It is therefore recommended that "Bird Strike Avoidance Radar" equipment that will alert the control tower which will in turn alert the pilot of the presence of birds along his way be installed in major airports in the country.
Introduction
Conflicts between birds and aircraft have increased dramatically in the resent years because the world has become a global village through technological advancement in communication and significant improvement in aircraft design (Faster and Quieter). Globally, the bird strikes have resulted in loss of more than 219 people and 200 aircraft since 1988 (ICAO, 2006) . Several factors contribute to this increasing threat. Many populations of bird species commonly involved in strikes have increased markedly in the last few decades. In addition, air traffic has also increased substantially since 1980. Collisions with birds and other wildlife have negatively impacted the airline industry, and ultimately the flying public. In addition to the economic losses, some collisions have resulted in loss of human life. Although the economic costs of bird strikes are extreme, the cost in human lives lost when aircraft crash as a result of strikes best illustrates the need for management of the wildlife strike problem.
Historically, the first powered flight by the Wright Brothers occurred in December 1903, and the wildlife strike problem began shortly thereafter. The first reported bird strike occurred on 7 September 1905 as recorded by Oliver Wright in his diary, when his aircraft hit a red-winged blackbird as he flew over a cornfield near Dayton Ohio. On 3 April 1912 Calbraith Rodgers, the first person to fly across the continental USA, was also the first to die as a result of bird strike when his aircraft struck a gull along the coast of Southern California (Cleary and Dolbeer, 2005) . Since those first bird strikes, aircraft designs and performance have changed radically, and bird populations and air traffic have also increased (Dolbeer and Seubert, 2009) . As a result, at least 122 civil aircraft have been destroyed and over 255 civilian lives have been lost worldwide due to bird strikes from 1960 to 2004. During this same period, bird strikes have resulted in at least 333 military aircraft destroyed and over 150 military personnel killed (Shobakin, 2009) .
For example, 56 reports of significant damage to aircraft taking off or arriving at Sacramento International Airport, which is located in popular destination for birds, near a river in California's Central Valley. Of those reports, 36 -or 64% of the total -occurred above 500 feet (Cleary and Dolbeer, 2005) . In Nigeria, Dana Air Mc Donnel Douglas Aircraft (MD83), on April 19, lost one of its engines on takeoff due to bird strike at the Murtala Muhammed Airport, Ikeja, and Lagos. The incident forced the pilot to initiate an air return, as balls of smoke tailed the affected left engine which was later followed with a loud bang that caused panic within the airport environment. Also another Abuja bound MD83 aircraft with 97 passengers on board took off at the domestic runway of the Murtala Muhammed Airport, when flocks of egret birds got ingested into the left engine of the aircraft. The pilot initiated an airreturn back to the airport, with Fire Service officials of the Federal Airports Authority of Nigeria (FAAN), providing fire cover for safe landing of the aircraft and eventual evacuation of the 97 passengers. Permanent Secretary, Ministry of Aviation Ms Anne Ene Ita said the frequency of bird strikes in West Africa is worrisome. According to the airline's Chairman, Joseph Arumemi-Ikhide, between 2011 and 2012 alone, Arik Air has suffered 43 bird strikes and lost about N3.2 billion naira (US $20.67 million). Bird strike has been the cause of many accidents in air travel and costs the airlines of over N20 billion annually.
The majority (90%) of bird collisions occur near or on airports according to ICAO during takeoff, landing and associated phases. According to the FAA wildlife hazard management manual for 2005 (Cleary and Dolbeer, 2005) , less than 8% of strikes occur above 900 m (2,953 ft) and 61% at less than 30 m (100 ft). According to Lateef Lawal (Nigerian Aviation News), in Nigeria, bird strike has remained dangerous as any other place in the world, but what is frightening is that not so much is being done to mitigate it.
Jet engines are particularly vulnerable during the takeoff phase when the engine is turning at a very high speed and the plane is at a low altitude where birds are more commonly found. The force of the impact on an aircraft depends on the weight of the animal and the speed difference and direction at the impact. The energy of the impact increases with the square of the speed difference. Hence, a low-speed impact of a small bird on a car windshield causes relatively little damage. High speed impacts, as with jet aircraft, can cause considerable damage and even catastrophic failure to the vehicle. Damaged jet engine after bird strike can damage vehicle components, or injure passengers. Flocks of birds are very dangerous and can lead to multiple strikes, and damage. Depending on the damage, bird strikes at low altitudes or during takeoff and landing often cannot recover in time, and thus crash.
Apart from the fact that bird strikes have been gulping hundreds of millions of dollars from the debt-ridden domestic airline operators, one worrisome fact is that recent global research has revealed that bird strike is now responsible for up to 45% of air crashes. Studies reveals that bird strike happens at critical point of flight (take off and landing) and that birds now fly on the same flight level with airplanes; the bird strike incident that happened over Hudson River in New York occurred when the aircraft had just taken off. The plane took off and ran into flights path of a flock of geese and the plane had that can be referred to as 'double injection' . This made the two plane's engines to suddenly stop working. The aircraft had to look for a place to land because it lacked engine power to fly back to the airport.
The onset of the jet age revolutionized air travel, but magnified the bird strike problem, modern jet aircraft are faster and relatively quiet, and their engine fan blades are often more vulnerable than propellers to wildlife-strike damage. When turbinepowered aircraft collide with birds, serious structural damage and engine failure can occur.
The aim of this study is to assess the environmental management of Mallam Aminu Kano International Airport (MAKIA) in relation to the frequency of bird strike in Nigeria aviation industry with a view of encouraging the adoption of best practices in the furtherance of aviation safety crusade in the country through the following objectives:
• Examine the ecological setting and management of the airport in the area.
• Examine the rate of bird strike occurrence and the species involved.
• To rank the identified problem birds according to the Aviation Risk Safety Value (ARSV) and evolve remedial measures that are cost-effective in the country.
The Study Area
Mallam Aminu Kano International Airport (MAKIA) is located in Kano city in the savanna region of northern Nigeria (Fig. 1) . It is the 
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Bird strikes in Nigeria and world-wide appear to be increasing over the last few years. Aircraft collisions with birds and other wildlife cost the airline industry, and ultimately the flying public, approximately US $2 billion, annually (USA, 2009) . The greatest loss of life directly attributed to bird strike occurred on 4 th October 1960 when a Lockheed L-188 Electra flew through a flock of starlings during take-off damaging all four engines. The aircraft crashed shortly after take-off into Boston Harbour USA, killing 62 out of 72 passengers. On the average, aircraft crashes every eighteen months as a result of a bird strike related incident (Thomas, 1990 ).
In the United States, bird strike continues to be a safety threat to air travel. On January 15 th 2009 the geese knocked out both engines of a US Airways jet over New York's Hudson River and its emergency landing on the river drew the attention of the aviation industry in the United States. The industry recognized that birds are a significant threat and more needs to be done to mitigate the risk. In fact, the US government estimates about 10,000 reported bird strikes in 2009 -a 32% increase over the 7,600 reported strikes in 2008.
According to FAA's data, airplanes struck birds 46 times at Philadelphia International Airport in the first seven months of 2009 during takeoff or landing, or en route, and of the 46, only one was considered "substantial". In that March 21 st incident, an Air Wisconsin Airlines pilot reported smelling smoke in the cabin, possibly due to a bird sucked into Engine 2. The flight returned to the airport, where damage caused by a goose or duck was repaired at a cost of $88,300. Engines on the most popular models of large jets, such as the Boeing 737 and the Airbus A320, are not certified to withstand an impact with birds larger than four pounds (Fig. 2) . Woronecki et al. (1992) conducted safety efficacy and clinical trials required to register alpha-chloralose (A-C) for capturing nuisance waterfowl and pigeons with the U.S. Food and Drug Administration (FDA) during 1990 and 1991, and it was found out that the Most Effective Dose (MED) to be 30 and 60 mg of A-C/kg of body weight for capturing waterfowl and pigeons, respectively. Afterwards, 11 field trials were conducted in 4 states, capturing 587 waterfowl and 1,370 pigeons with 8% mortality for ducks, 0% for geese, and 6% for pigeons. The New Animal Drug Application was submitted to FDA in October 1991 and received registration in 1992 for use of A-C by Wildlife Service's biologists. Barras et al. (2002) reviewed published studies to summarize findings on habitat management techniques that have shown potential for wildlife strike reduction. Habitat components that may attract wildlife to airports include food, cover, water, and loafing areas. Although maintaining tall herbaceous vegetation on airfields may reduce the attractiveness of loafing and feeding sites for some species of birds such as gulls, this strategy may also increase cover and food resources for other hazardous species. Thus, optimum vegetation height management strategies require further research and may be site-specific. Barras et al. (2000) evaluated bird and small mammal use of two mowed (15 to 25 cm height) and two unmowed vegetation plots (40 to 88 ha) at John F. Kennedy International Airport (JFKIA), New York, in 1998 to 1999 to determine which management strategy would best reduce wildlife use of the airport. They counted more birds per 5-minute observation period in unmowed plots than mowed plots in both 1998 (9.0 versus 7.9) and 1999 (11.7 versus 8.6). Maximum vegetation height was greater (P < 0.05) for unmowed areas than mowed areas after mowing commenced in 1998 and 1999 for each two-week monitoring period. In 1998 to 1999, vegetation density was also higher (P < 0.05) for unmowed plots for 13 of 14 sampling periods. The species composition of vegetation differed (X 2 = 20.54, df = 3, 
Methodology
Questionnaire survey and field observation are the main instrument employed to source for primary data in this study. In this regard, two questionnaires were designed and administered to 11 different commercial flights that include; (Dana Air, Aric Air, KLM, IRS Air, Kabo Air, Aero Contractor, Quatari Airline, Virgin Nigeria, Hamsal Air, Egypt Air and Saudi Arabia Air) and neighboring communities around the airport. The questionnaire focused on the character of the birds, the environmental conditions and agricultural practices within a radius of 15 km from the airport that attracts birds to feed, nest, or roost at or within the vicinity of the airport environment. The villages covered for the study is as displayed in Table 1 .
The aircraft model was also considered as it influences the level of vulnerability to birds strike. The aircraft models operating in this airport studied include: A330, CRJ900, B747, B757, B767, EMB145, B727, A310 and Fokker 100. These were assessed based on their frequent involvement in bird strike reported cases. A total number of 44 bird strikes were reported or confirmed during the period 2001-2010 as per the survey. As indicated in Fig. 3a Fig. 3b . Table 2 . The bird strike phenomenon is very peculiar in nature and varies with location and altitude as shown in Fig. 4a and Fig. 4b , which explains that maximum number of strikes occurs when aircraft is on approach and minimum while it is descend or climbing. It is clear from the study frequent bird strike occurs at moderate height, i.e. 150-250 ft.
Involvement of Aircraft in Bird Strike

Involvement of Airlines in Bird Strike
Aviation Safety Ranking Value (ASRV)
The Aviation Safety Ranking Value (ASRV) postulated by IBSC (2002) was used to evaluate and rank the risk of bird strikes to particular specie. Aviation Safety Ranking Value separates birds in five levels according to the potential hazard to have collision with an aircraft:
• Level 1 -without significant relevance for air traffic safety; • Level 2 -low potential danger;
• Level 3 -intermediate potential danger; • Level 4 -high potential danger; • Level 5 -very high potential danger.
These levels are evaluated based on size of each bird species (mainly weight), the social pattern and behavior of the species, and its movements (short and long distance) and the activities in the airport.
The study also use the Aviation Safety Risk Value (ASRV) in classifying birds in five levels that represent the potential danger that each of these birds poses to aviation based on the flight safety relevance of bird species (Morgenroth, 2003) .
Result and Discussion
The field data collected shows that about 27 bird species were common in this part of the country as displayed in the Appendix 1. 22 of these birds are residents while 5 are migrants. The character, behaviour, and size of these birds also differ from specie to specie. These birds are grouped as soaring birds, which caused bird hazard within the airport and outside at almost all flight phases of aircraft (Black Kite, Harriers, etc.). 
Phases of Bird Strike on Airport
An analysis of bird strike records indicates that twelve bird species were involved in bird strikes from 2001-2010. The highest bird strikes of 9 was recorded for Lapwing, 5 for Bats, 4 for Kestrel while Back Kite and Cattle Egret were involved in 3 strikes each. Similarly, Owl and Kill bird were involved in 2 strikes each whilst one was recorded each for Eagle, Black Headed Heron, Marsh Harrier, Speckled Pigeon and Quela. 
Airport Ecology and Habitat Management
The birds which are found on and in vicinity of the airfield of Kano airport are generally present because the condition found at the airport suits their needs. The availability of food, water and shelter makes Mallam Aminu Kano International Airport attractive to birds. Birds fly into the airport in order to feed on insects, earthworm, mice, moles, spiders, weed seeds, snakes, lizards, other small birds, dead animals, assorted grain crops, human garbage and food wastes. 
Bird Strike Occurrences by Bird Strike Months 2001-2010
It is observed that grass is cut very short at the edge of runway 06/24, exposing large population of insects most notably grasshoppers and centipedes that attracts cattle egrets. Large flocks of quelea have been observed during the rainy season. Pigeons and dove are common birds of this area.
There is a steady source of grain crop grown during the rainy season which supports these birds. Outside the airport and on the approach ends of both runway 06/24 and 05/23, fields are been cultivated to farm maize, millet and sorghum in places such as Bukava barrack, Jaba and Alafa villages as shown in Fig. 7 and Fig. 8 . 
Black Kite Loafing on Airport Apron Stand
Garbage dumps also is just 15 m from the tarmac that is attracting black kite and other predatory birds as indicated in Fig. 9 . It was also observed that garbage from restaurant, canteens and other eateries situated within the old terminal building across the international arrival and departure hall, cargo balloon shelter and customs office attracts numerous birds. Marsh harrier, Heron and other predatory birds have been sighted in the horizon above the city abattoir which is located about 3.5 km from the airport as shown in Fig. 10 . The location of this abattoir is aligned to the extended centre line of runway 05 frequently used by the Nigerian Air Force aircraft. 
Abyssinian Roller Loafing Aeronautical Light Panel
Kano airport can be described as an "oasis" in the middle of an unsuitable habitant for birds. The airport is attractive because it is different from its surroundings. It provides shelter, food, and water and green vegetation through the year which is scarce in the surrounding country side.
Birds Hazard Ranking
Bird's species are categorized based on their size (mainly weight), the behavior, and their movement (short and long distance) and the activities in the airport. Based on the internationally accepted approximation criterion of size classification, birds are classified small (5-25 cm), medium (25.1-39.9 cm) and large (40-80 cm) (Morgenroth, 2003) . The derived aviation safety risk value obtained from the study area is given in Table 3 .
Effect of Bird Strike on Flight Operations
The effect of bird strikes on aircraft operations is measured mainly in monetary terms. It is difficult to obtain an accurate estimate of the cost of bird strikes for airline and aerodrome operations, let alone the cost of bird hazard management. However, recent reports show that, world-wide, bird 
Conclusion and Recommendation
A significant number of a variety of bird species is observed in the vicinity of Kano airport. The propensity of these birds to collide with aircraft is real and this is a menace to the aviation industry.
Nigeria, as a signatory to the Convention on International Civil Aviation Organization (ICAO), Chicago 1944, is obligated to implement the provisions specified in Annex 14 of the Convention. It is apparent that bird strike reporting is highly dependent on the willingness of pilots, airline officials, and the level of adherence to professional ethics.
Bird hazard on the airport has both safety and economic implication. It behoove the Federal Ministry of Aviation (FMA) to collaborate with parastatal under its supervision to create the much needed synergy to promote safety through technological adoption and rigorous awareness campaign in order to reduce or effectively manage the menace of bird strikes at the airport. The following recommendations are therefore given as a solution to the menace.
• What we should have done in Nigeria is to put in place equipment that will alert the control tower which will in turn alert the pilot of the presence of birds along his way. This equipment is now being installed in major airports in the United States and other countries. It is called Bird Strike Avoidance Radar.
• There are actually several systems to be combined to conquer the bird strike menace, namely scaring the birds from the flight area with Durban dog; falcons; with these, they go about chasing these birds. • Disposal of garbage by the catering services at the airport should be well managed to discourage scavenging birds from dumps.
• Bird Strike Avoidance Radar' equipment that will alert the control tower which will in turn alert the pilot of the presence of birds along his way be installed in major airports in the country.
• Since modern aircraft are no longer noisy to scare away most birds, bird repellents should be built into aircraft and airports.
• The Bird/Wildlife Hazard Control (B/WHC) unit of all the nations' international airports should be well trained and equipped with current equipments that can repel birds around the ports.
• Farming activities around the airport should be kept away at a reasonable distance since they act as feeding place for birds. 
Appendix 1 Common Bird Species Observed at Makia
